subsequent 40 minutes to maintain systolic BP over 110. 0940 No pressor agent required for over thirty minutes; systolic BP stable at 110. Epidural top-up of 10 ml 0.5% bupivacaine. 0955 Fall in BP to 95 systolic. No pressor given; systolic BP again stabilised at approximately 110. 1025 After reversal of neuromuscular blockade with neostigmine and glycopyrrolate, the patient was extubated. She was alert, conversing, breathing well and free of pain when transferred to the recovery ward. She had received 2000 ml of crystalloid pre-and intraoperatively. Haemaccel 500 ml was commenced at the end of the procedure when the thigh tourniquet was released. 1035 Epidural top-up with 50 mcg fentanyl in 10 ml bupivacaine 0.2%. 1040 Anaesthetic personnel recalled to recovery room, as patient's systolic BP had fallen to 80. She had by now become unresponsive and apnoeic. Her pupils were noted not to be pin-point. Ventilation with 100% oxygen was commencd and metaraminol 1.0 mg given. Systolic BP rose to 100 but the patient remained completely unresponsive. Intravenous (IV) naloxone 0.4 mg was given and within two minutes she opened her eyes and began to breathe spontaneously. Within another minute she was alert and conversing lucidly. She was in no pain. Systolic BP was now 170. Sensory testing revealed a dense sensory block to T2/3 bilaterally. She was unable to move her legs but upper limb and cranial nerve function was normal. The epidural catheter was disconnected from its filter and clear fluid was found to drip freely from it. Testing of the fluid with a test strip for determination of blood glucose level gave a reading of 4 mmol/l. The epidural catheter was removed at this stage. 
DISCUSSION
Several explanations may be postulated for this patient's dramatic collapse after the final epidural top-up. The first is that this was an unexpected response to a true epidural injection. The rapidity of onset and dramatic nature of the patient's signs, as well as the subsequent free flow of cerebrospinal fluid from the epidural catheter, make such an explanation implausible.
The second possibility is that the drugs entered the subdural space. There are several radiologically confirmed reports of subdural injection of local anaesthetic 2 -4 and the features of such subdural block have been well described: 3 ,s slow onset of extensive but often patchy sensory block, hypotension which is at worst moderate and responds to minimal intervention and possibly respiratory depression, but not apnoea. The ability to aspirate cerebrospinal fluid does not exclude subdural injection, 5 as it is possible for the catheter to be partly in the subdural and partly in the subarachnoid space. 3 The rapid onset of this partient's collapse is not consistent with previous reports of subdural injection. However, there do not appear to be any reports of subdural injection of opiate, so one can only speculate about the likely time course of any respiratory depression consequent upon such an injection.
The third and most likely explanation in this case is that the final dose was given into the subarachnoid space. The patient's rapid collapse is consistent with this, as is the aspiration of cerebrospinal fluid from the catheter. Sensory block to T2 and hypotension of only moderate degree is consistent with the modest dose of bupivacaine (20 mg in 10 ml).
Unfortunately, the position of the catheter was not confirmed radiographically.
If the catheter was situated in the subarachnoid space at the end of the case, is it possible that it was actually there from the time of insertion? A negative aspiration test does not exclude subarachnoid placement, as there are many case Anaesthesia and Intensive Care, Vol. 18. No. 4. November, 1990 reports of clearly subarachnoid blocks following such negative tests. 6 -8 However, the absence of any motor, sensory or BP change ten minutes after a test dose of 3 ml 2.0% lignocaine is convincing evidence that the catheter was not subarachnoid, as is the patient's subsequent appropriate response to both 12 ml 2.0% lignocaine and 10 ml 0.5% bupivacaine. The catheter must therefore have been either epidural or subdural.
Entry into the subarachnoid space of a catheter which has initially functioned as if correctly placed in the epidural space is a very rare phenomenon. 9 ,1O Such cases, however, have been reported. 11 Studies of the functional anatomy of the dura show that, when intact, it cannot be penetrated by an epidural catheter. 12 On the other hand, a Tuohy needle clearly is able to penetrate the dura yet leave the arachnoid intact. At least one study has shown this to occur surprisingly frequently:13 seven out of one hundred apparently correctly sited epidural needles were shown radiologically to have partially entered the subdural space. A catheter passed through such a needle may enter the epidural, subdural or subarachnoid space. Should the catheter enter the subdural space, it may subsequently erode into the subarachnoid space. A comprehensive analysis of these possibilities and their clinical outcomes has recently been presented by Reynolds and Speedy. 14 When a catheter with more than one orifice is used, the possibility arises of different orifices being located in different anatomical spaces. It has been shown experimentally7,15 that, with a forceful injection, most of the injectate will leave via the distal orifice, while a more gentle injection allows all the injectate to leave via the proximal orifice. Thus one injection could produce an epidural block and another a subarachnoid block without change in the catheter position.
Given this possibility, it can be argued that epidural catheters would be better designed to have only a single orifice. It is also theoretically advantageous for the orifice to be located at the tip of the catheter; this eliminates the possibility of the orifice being located in an anatomical space different from the catheter tip, as could occur with a side-hole catheter. In a study comparing single end-hole catheters with multiple side-hole catheters,16 no case of inadvertent subarachnoid injection was reported in either group. It would require a very large study to determine whether such a rare complication occurred more frequently with one or other catheter. On the other hand, blood appeared in the multi-hole catheter significantly more frequently than in the singlehole catheter, and this was felt to indicate that puncture of an extradural vein is more likely to be revealed with a multi-hole catheter.
It appears likely that in this patient the epidural catheter was located subdurally from the start. The absence of response to the test dose of local anaesthetic and the patient's subsequent intraoperative course, although consistent with correct placement of the catheter in the epidural space, are also consistent with subdural placement.
The important lesson of this case is that, after apparently uneventful insertion and intraoperative use of an epidural catheter, a subsequent dose of local anaesthetic and fentanyl clearly entered the subarachnoid space, with a potentially disastrous outcome. This supports the view that whenever epidural analgesia is used, there should be ready availability of both equipment and personnel for the management of cardiovascular and respiratory collapse.
When an epidural catheter is inserted either immediately prior to or during a general anaesthetic, one cannot know with certainty that it is correctly sited. The first postoperative top-up should therefore be performed by an anaesthetist, followed by careful observation of the patient for an appropriate period.
The profound respiratory depression which occurred in this patient appears to have been due to the 50 mcg fentanyl which entered the subarachnoid space. Studies of the effect of deliberately administered subarachnoid fentanyl have used doses up to 50 mcg without evidence of respiratory depressionY However, the patients in this study were parturients undergoing caesarean section under spinal anaesthesia and the fentanyl was given in 1.0 ml of injectate. The patient reported here was elderly, had received a systemic opioid (albeit a small dose), was awakening from general anaesthesia and received the fentanyl in 10 ml of injectate. Any or all of these factors could account for the difference in response.
The use of epidural infusions of fentanyl for postoperative analgesia is becoming commoner. 18 ,19 The doses used are of the order of 50-100 mcg/hr. Should a catheter used for such an infusion inadvertently enter the subarachnoid space, a dose of 50 mcg fentanyl would be given intrathecally in as little as thirty minutes, with the potential for profound respiratory depression. This possibility has clear implications for the appropriate level of surveillance of such patients.
